INTRODUCTION {#sec1-1}
============

Testosterone (T) was discovered in the 1930s and for decades it was primarily prescribed for the treatment of hypogonadism due to genetic abnormalities or disorders of the pituitary-testicular axis. However, an increased interest in T as a potential agent to enhance well-being and possibly ameliorate symptoms of aging occurred after several studies reported that low serum T concentrations were common in aging and were associated with obesity, insulin resistance, diabetes, sexual dysfunction, and mortality.[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9] In conjunction with an increased interest in T and the approval of more convenient T formulations (patches and gels), the use of T increased dramatically, particularly in the USA.[@ref10] This substantial increase in T prescriptions led to concerns that T was being prescribed inappropriately, particularly after a study reported that 26% of men did not have a serum T concentration testing before being prescribed T.[@ref11] Additional concerns occurred after two cohort studies,[@ref12][@ref13] and one meta-analysis[@ref14] found that T was associated with an increased risk for cardiovascular (CV) events. These led to an FDA Safety Communication in 2015 that the cardiovascular effects of T treatment were unclear[@ref15] and that prescribers should review this potential risk with men before initiating T treatment.

This paper will review retrospective, observational studies that used prescription databases to examine the association of T treatment with cardiovascular events, including myocardial infarction, stroke, thrombosis, and mortality. The aim of this review is to critically assess and summarize the results of each study to provide some guidance for clinicians and researchers in this controversial area.

MATERIALS AND METHODS {#sec1-2}
=====================

A literature search was done on the association of T treatment and CV events and mortality from 1948 to October 2016 using Ovid MEDLINE database (<http://ovid.com/site/catalog/databases/901.jsp>). The search terms included testosterone, cardiovascular, myocardial infarction, stroke, mortality, thrombosis, cohort studies, retrospective studies, and database. Additional references were obtained from reviews and meta-analyses of T treatment. Eligible studies were either retrospective cohort or case--control studies that utilized prescription or insurance claims databases and were published in English. We excluded meta-analyses, clinical trials or studies, case reports, and chart reviews.[@ref16][@ref17][@ref18]

RESULTS {#sec1-3}
=======

The search strategy yielded 14 papers that were published between 2012 and 2016. **[Table 1](#T1){ref-type="table"}** and **Supplementary Table 1** provide additional details.
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Click here for additional data file.

Shores *et al*.[@ref19] examined the association between T treatment and mortality using a regional Veterans Health Administration (VHA) database of men with a low T concentration and no history of prostate cancer or prior T treatment. T treatment was modeled in a time-varying manner. Specifically, men were classified as untreated until the date a T prescription was filled and then were classified as treated on the date the prescription was filled. A propensity score was used to adjust for the observational study design. The propensity score is the probability of being treated based on specified covariates. The covariates used to estimate the propensity scores included baseline T concentration, osteoporosis, sexual dysfunction, sleep apnea, elevated hematocrit, body mass index (BMI), medical morbidity, hospitalizations, diabetes, and sexual dysfunction. One thousand and thirty-one men (mean age, 62 years) were eligible and 38.6% (398) of them were T treated. In adjusted analyses, T treatment was associated with a decreased risk for mortality, with a hazard ratio (HR) of 0.64 (95% confidence interval \[CI\]: 0.44--0.95). There were no interactions with age, diabetes, or coronary heart disease and no differences in analyses that excluded men who died within the 1^st^ year.

Prior to this study, several studies had reported that low serum T concentrations were associated with increased mortality, but had not examined whether T treatment was associated with mortality. This study was one of the first to examine the association of T treatment with mortality in men. Weaknesses of the study were the small size, limited information on T dose, T duration, and follow-up T concentrations and that covariates were adjusted only at baseline and were not updated. Strengths of the study were that it restricted the cohort to men with low T concentrations, which increased the probability that treated and untreated men were androgen deficient.

Vigen *et al*.[@ref13] used a national VHA database to examine the risk for composite CV events (myocardial infarction \[MI\], ischemic stroke, and all-cause mortality) in 8709 older veterans (mean age, 63 years) with low T concentrations who had a coronary angiogram. More than 80% of men had prevalent coronary artery disease (CAD) by angiography. The researchers modeled T as a time-varying covariate and adjusted for confounders using stabilized inverse probability of treatment weights that were updated whenever a new event occurred. In adjusted analyses, T treatment was associated with a 29% increased risk for composite CV events (HR: 1.29, 95% CI: 1.04--1.58). However, in unadjusted analyses, T-treated men had a much lower event rate (10%) than untreated men (21%).

This study generated a great deal of publicity, as it was the largest study at that time to report an association of T treatment with an increased risk of CV events. The authors were criticized for not discussing the unadjusted absolute event rates or that the statistical adjustments completely reversed the results of the unadjusted absolute event rates. Other weaknesses were that cohort entry time was not defined and no adjustments were made for baseline T concentrations, which were much lower in the treated men (175 *vs* 205 ng dl^−1^). This may have influenced the results because low T concentrations are associated with increased mortality.[@ref4][@ref5][@ref9][@ref20] Another limitation was that there was a long lag time from study entry to T treatment (531 days) and the authors excluded men who had MIs during that time. This exclusion removed men with MI events from the untreated group and biased the results in favor of nontreatment. Finally, this was an unusual cohort of elderly male veterans with very high medical morbidity, so these results may not generalize to typical men who use T and tend to be healthier in their 50s.[@ref21] Strengths of the study were the large size, baseline low T concentrations, and that confounders were adjusted for over time. In conclusion, this paper was one of the first studies to show that T treatment was associated with an increased risk for composite CV outcomes, but the paper was heavily criticized due to methodological flaws.[@ref22]

Finkle *et al*.[@ref12] used an insurance claims database to examine MI risk in middle-aged men (mean age, 54 years) by comparing the MI rate in the 3 months after T treatment to the MI rate in the 12 months before treatment. All the 55 593 men in the study were treated with intramuscular (IM) T. The overall risk for MI was greater after treatment than before treatment (HR: 1.36, 95% CI: 1.03--1.81), with an increased risk for MI in men aged 65 years or older (HR: 2.19, 95% CI: 1.27--3.77). In men \<65 years old, those with a history of heart disease had greater risk (HR: 2.90, 95% CI: 1.49--5.62). They also compared the MI rate in T-treated men to men treated with a phosphodiesterase type-5 inhibitor (PDE5I) and found that T treatment was associated with an increased risk with a rate ratio of 1.90 (95% CI: 1.04-3.49) compared to men treated with a PDE5I. A major limitation was that the results would be biased if clinicians were hesitant to prescribe T after an MI. If so, this would bias the results toward increased risk with T treatment. Finally, PDE5I-treated men are not an appropriate comparison group for several reasons. First, many clinicians do not prescribe a PDE5I for men with known or symptomatic CAD (due to the possibility of myocardial ischemia from increased cardiac demand associated with sexual intercourse). Secondarily, men treated with a PDE5I might be less likely to have an MI because PDE5Is have beneficial cardiovascular effects.[@ref23] Thus, the lower MI rate in PDE5I-treated men might have been due to less prevalent CAD and due to cardioprotective effects of PDE5Is rather than to greater risks with T treatment.

The strengths of the study were that it was a very large study and comparing MI rates in the same man before and after treatment eliminated between-subject confounding. In conclusion, Finkle *et al*.[@ref12] reported an increased MI rate post-T treatment compared to pretreatment.

Baillargeon *et al*.[@ref24] conducted a cohort study using Medicare data to examine MI risk in 6355 men who started IM T and were matched to 19 065 controls. Exclusions included T treatment in the 12 months prior to IM T and end-stage renal disease. An MI prognostic score was used to stratify MI risk. In adjusted analyses, IM T was not associated with overall risk for MI (HR: 0.84, 95% CI: 0.69--1.02). However, in men with a high prognostic score for MI, T treatment was associated with a decreased risk for MI (HR: 0.69, 95% CI: 0.53--0.92). In sensitivity analyses that used different criteria for cohort entry and follow-up times, there was no increased risk for MI with IM T.

Limitations included lack of baseline or follow-up serum T concentrations, so it was not clear whether the men met minimal criteria for T treatment and whether therapeutic T concentrations were reached following T treatment. In addition, men were treated only with IM T and treatment was of short duration (49% with two or fewer T-injections). Hence, it is unclear whether these results generalize to men who use transdermal T or use T for a longer duration. A final limitation was that the study did not exclude men who had a history of a prior MI, which is considered a weakness in scales that rate the quality of observational studies.[@ref25][@ref26] A higher quality study is one that excludes patients who already had the studied outcome as this design allows for a clearer ascertainment of risk related to medication by decreasing the risk related to baseline disease. The strengths of this study were that it examined MI risk by risk stratification for MI. In conclusion, this study found that elderly men treated with IM T for a short time had no increased risk for MI, but in men at greatest risk for MI, T treatment was associated with a decreased risk for MI.

Sharma *et al*.[@ref27] used a VHA database to examine the association between T treatment and CV events and mortality in 83 010 men. Men in the cohort had at least two low T concentrations prior to T treatment and were excluded if they had prior T treatment, MI, or ischemic stroke. T treatment status was characterized as T-treated normal T concentrations after treatment (normalized T), T-treated low T concentrations after treatment, or not T treated. In adjusted analyses, men with normalized T concentrations after T treatment had a lower risk for mortality (HR: 0.44, 95% CI: 0.42--0.46), stroke (HR: 0.64, 95% CI: 0.43--0.96), and MI (HR: 0.76, 95% CI: 0.63--0.93) than untreated men. T-treated men who had low T concentrations after treatment had similar risks compared to untreated men.

Limitations of this study were that they did not exclude men with prostate cancer, who may be less likely to be T treated and may have greater mortality, which could bias the results in favor of T treatment. Strengths of the study design were that men with a history of MI or stroke were excluded. Other strengths were that men were required to have two low T concentrations before T treatment, which was consistent with clinical guidelines and made it more likely that the men were hypogonadal. Another strength was the use of an analytic approach with a propensity score analysis and matching. A final strength was that outcomes were assessed in relation to follow-up T concentrations. The study found that T risks differed by follow-up T concentrations with men who achieved physiologic T concentrations having decreased risks, while men with persistently low T concentrations had risks that were similar to untreated men. This finding of differential risks associated with follow-up T concentrations was a noteworthy finding as it indicated the importance of achieving physiologic T concentrations with T treatment. This finding might explain conflicting results of prior studies because most studies did not evaluate T concentrations after treatment. In summary, in this well-designed study, Sharma *et al*.[@ref27] found that T treatment with normalized T concentrations following treatment was associated with a 56% decreased risk for mortality and 24%--36% decreased risk for CV events compared to men with persistently low T concentrations.

Layton *et al*.[@ref28] examined the risk for hospitalization, thrombosis, death, or a composite CV outcome (MI, angina, stroke) by different T formulations (IM, patch, or gel), using three databases: an insurance database (*n* = 515 132), Medicare database (*n* = 22 376), and an United Kingdom (UK) database (*n* = 6607). The IM T formulations consisted primarily of testosterone cypionate or enanthate, which are shorter acting than long-acting testosterone undecanoate which is typically administered every 3 months. Men were excluded from the study if they had a history of MI, stroke, or thrombosis or if they used T in the 6 months prior to the T prescription. T concentrations were obtained in 52%--70% of the cohort, but there was limited information on the results and documented low T concentrations were available in only 1.5% of the insurance cohort, 20% of the UK cohort, and none of the Medicare cohort. Men were followed up for 1 year after T treatment, and risks with IM T and T patch were compared to risks with T gel. In pooled analyses, that combined the results of the three databases, IM T compared to T gel was associated with a 21%--30% increased risk for MI, stroke, and composite CV events and a 34% increased risk for mortality, but no increased risk for thrombosis. The T patch had similar risks compared to T gel. There were no significant differences in analyses that excluded men with cancer or that used a shorter follow-up time.

Limitations were that there was no comparison of T treatment to a control group of untreated men, so the study does not address whether T treatment increases risks compared to untreated men. Other limitations were that T concentrations were known in only a small percentage of men, and there was no information on outpatient thrombotic events, which may have affected the results. Strengths of this study were that they excluded men with a past history of MI, stroke, or thrombosis. In conclusion, the Layton study found that IM T compared to T gel was associated with increased risks for MI, stroke, composite CV events, and all-cause mortality, but not for thrombosis.[@ref28]

Tan *et al*.[@ref29] evaluated the rate of MI and stroke in T-treated men who were followed at "Low T" centers. The cohort consisted of 19 968 men, aged 20--86 years, who were diagnosed with hypogonadism before being prescribed T and were monitored with a standardized protocol. The rates of MI and stroke in the T-treated men were compared to rates in two different community registries. Men in the community registries were older than T-treated men, but no adjustments were made for any differences between men in the registries and T-treated men. The authors reported that the incidence rate ratios (IRR) for MI (IRR: 0.14, 95% CI: 0.08--0.18) and stroke (IRR 0.11, 95% CI: 0.02--0.13) were markedly lower in T-treated men compared to men in community registries.

A major weakness of the study was that the T-treated men were not compared to a similar population of younger men, followed in a specialty clinic, but instead were compared to older, community dwelling men. Furthermore, limited information was provided on differences in age and medical morbidity between groups and no adjustments were made for differences between groups. Finally, the huge reduction in risk (86%--89%) associated with T treatment is not believable and is likely related to differences between groups. The strengths of this study were that the T-treated men were diagnosed with hypogonadism prior to T treatment and were treated with a standardized protocol. In conclusion, this study found that men followed at T centers had a large reduction in MI and stroke rate compared to men in community registries, but the study was seriously flawed because the comparison groups were drawn from different communities and no adjustments were made for differences between groups.

Etminan *et al*.[@ref30] conducted a large case--control study to assess T treatment and nonfatal MI using data from an insurance claims database. MI cases (30 066) were matched to 120 264 controls by age, cohort entry date, and length of follow-up. T exposure was classified as current, past, or nonexposed. The study found no overall risk with current or past T, or by T formulation. However, men who initiated T in the 3 months prior to MI had a 41% increased risk for MI (HR: 1.41, 95% CI: 1.06--1.87), and this risk was greater in men with CAD (HR: 1.78, 95% CI: 0.93--3.40).

A weakness of this study was that men with prior MI were not excluded. Inclusion of men with prior MI makes it more difficult to ascertain whether risk for MI was associated with T treatment or to the underlying CV disease. Strengths were the large number of cases, that most cases were matched to three controls, and that the study examined whether there were greater risks associated with T initiation. In conclusion, this large case--control study found no overall risk for MI with T, but an increased risk within 3 months of T initiation, which was greater in men with a history of CAD.

Wallis *et al*.[@ref31] examined the association of T treatment with mortality and composite CV events (MI, stroke, thrombosis) and prostate cancer in a matched cohort study of men aged 66 or older using eight Canadian databases. T-treated men (10 311) were matched to 28 029 controls based on age, region, diabetes, medical comorbidity, and index year. Testosterone treatment was modeled in a dichotomous manner (any T or no T) and as a cumulative dose by days of dispensed T. In adjusted analyses, T treatment was associated with an increased risk for composite CV events (HR: 1.10, 95% CI: 1.03--1.20), but decreased risk for mortality (HR: 0.88, 95% CI: 0.84--0.93). In analyses by treatment duration, risks for CV events and mortality were greater with initiation and then decreased with a longer treatment time.

The weaknesses of the study were that there were no adjustments for risk factors that affect thrombosis (e.g., surgery, cancer, hospitalization, or medications) that could have influenced the estimates of composite CV risk. The strengths of the study were that it was a large, matched, population-based study that excluded men with baseline CVD, had a follow-up time of over 5 years, and examined risks associated with the duration of T treatment. In summary, in a matched cohort study, Wallis *et al*.[@ref31] found that there was a modest increased risk for composite CV events and decreased risk for mortality with greatest risks for composite CV events and mortality during the first 4 months of treatment.

Anderson *et al*.[@ref32] conducted a study of 4736 men in Utah to examine the association of T treatment and composite CV events (MI, stroke, total mortality) and specific CV events. Inclusion criteria included age ≥50 years, a baseline low T concentration, and a follow-up T concentration. Men were excluded if they had a history of cancer. T exposure was classified by follow-up T concentrations (low, normal, or high) at 1 and 3 years. All the men with normal or high follow-up T concentrations were T treated and 18% of men with follow-up low T concentrations were T treated. At 3-year follow-up, men with a normal follow-up T concentration had decreased composite CV events (HR: 0.74, 95% CI: 0.56--0.98) and decreased mortality (HR: 0.65, 95% CI: 0.47--0.90) compared to men with low T concentrations. T treatment was not associated with specific outcomes of MI or stroke. Results were similar in analyses stratified by age and history of CVD.

The weaknesses of the study were that there were no exclusions for past MI or stroke, no information about T treatment, or when the follow-up T concentration was obtained in relation to T treatment. In addition, this was a relatively small study, with few events (only 18 MIs and 12 strokes in men with low T concentrations), which limits the power of the study. The strengths of the study were that all men had baseline low T and follow-up T concentrations. In summary, in men who had normalization of T concentrations after T treatment, there was a 25%--35% decreased relative risk for composite CV events and mortality compared to men with persistently low T concentrations but no significant association with MI and stroke as separate outcomes.

Baillargeon *et al*.[@ref33] conducted a case--control study of T treatment and thrombosis using an insurance database by examining the use of T 15 days prior to a thrombotic event. They matched 7643 cases of thrombosis to 22 929 controls based on age, region, hypogonadism, prothrombotic disorders, and thrombosis date (index date). They excluded men who had risk factors for thrombosis (hospitalization, anticoagulant use, or cancer) in the 30 days, 90 days, and 12 months prior to the index date. In adjusted analyses, there was no association of T treatment or T formulations with thrombosis and no interaction with prothrombotic disease. These results were unchanged in analyses using different time periods for T use prior to the thrombotic event (30 and 60 days). In separate analyses, there was an increased risk for thrombosis with megestrol acetate, corticosteroids, and nonsteroidal anti-inflammatory drugs (NSAIDs) and a decreased risk with antiplatelet drugs.

Limitations of the study were the small number of T-treated men (158 in the cases) and that no adjustments were made for smoking. Strengths of the study were the large size and that it matched cases with up to three controls. In addition, the study confirmed that medications that are known to be associated with thrombosis were associated with thrombosis in this cohort, which lent validity to the results. In summary, this study found no increased risk for thrombosis with T treatment and no interaction of T with prothrombotic disease. The finding of no interaction with prothrombotic disease is of particular interest given prior small studies that had reported an association of T treatment with thrombosis in patients with baseline prothrombotic disease.[@ref34][@ref35]

Sharma *et al*.[@ref36] examined the risk of T treatment for thrombosis in a VHA database of 71 407 men who had repeatedly low T concentrations. T treatment was characterized as follows: not T treated, T treated with a normal follow-up T concentration, and T treatment with a low follow-up T concentration. They excluded men who had only one low T concentration, history of thrombosis, hypercoaguable disorders, cancer, or were treated with T or warfarin. The groups were matched on age, BMI, diabetes, congestive heart failure, and chronic kidney disease. A propensity score analysis was done to adjust for differences between the groups. In adjusted analyses, there were no differences in thrombosis between T-treated normalized T and untreated men (HR: 1.10, 95% CI: 0.78--1.54) and no differences between T-treated low T and untreated men (HR: 1.14, 95% CI: 0.78--1.65).

Limitations of the study were that there were no adjustments for surgery, hospitalization, or trauma, which could be associated with thrombosis. Strengths of the study were that cohort entry required two low T concentrations, which is consistent with recommended clinical guidelines. Other strengths were that they examined whether T treatment resulted in normalization of T concentrations. This is important to assess as men with low T after treatment may have different risks than men with normalized T after treatment. In summary, this study found that T treatment was not associated with an increased risk for thrombosis in older men with baseline low T concentrations.

Martinez *et al*.[@ref37] used a clinical database from the UK to examine risk for thrombosis in a large case--control study of 19 215 thrombosis cases matched to 909 530 controls. The mean age was 65 years and thrombosis was assessed using a validated algorithm with a sensitivity and specificity \>92%. Testosterone exposure was examined as current treatment, recent treatment, or not exposed. Cases were matched with up to fifty controls based on date of thrombosis, age, pathologic hypogonadism, and risk factors for thrombosis (surgery, hospitalization, trauma, or cancer). Controls had at least 2 years of baseline data and no history of thrombosis. Analyses adjusted for demographics, BMI, smoking, drinking, prothrombotic disease, polycythemia, chronic obstructive pulmonary disease (COPD), diabetes, heart failure, MI, peripheral vascular disease, stroke, medications associated with thrombosis (megestrol acetate, NSAIDs, corticosteroids, antiplatelet medication), and symptoms that may have led to a T prescription (e.g., osteoporosis, sexual dysfunction, fatigue, depression, hot flushes). Current or recent T treatment was not associated with thrombosis, but T initiation was associated with a 63% increased risk for thrombosis (HR: 1.63, 95% CI: 1.12--2.37).

Potential weaknesses of the study were that T treatment was uncommon with only 69 T-treated men in the cases and 1251 in the controls. Strengths of the study were the use of a validated algorithm to detect thrombosis, exclusion of men with a prior history of thrombosis, and that risk was examined by the timing of T treatment. In conclusion, in this large, well-designed, case--control study, T was associated with an increased risk for thrombosis within the first 6 months of treatment but not associated with risk after that.

Li *et al*.[@ref38] used data from an insurance claims database to examine the association of T treatment and thrombosis in men using two different study designs -- a retrospective cohort design and a nested case--control design. Risk was examined by any T treatment, T formulation (gel, IM, patch, or other), and age (\>65 or ≤65 years). Inclusion criteria were enrollment in a health plan and hypogonadism, which was defined as either T treatment or a diagnosis of hypogonadism. Exclusion criteria were a history of thrombosis in the year prior to cohort entry. The primary outcome was incident idiopathic thrombosis, which was defined as a thrombotic event that was not associated with risk factors for thrombosis.

For the retrospective cohort design, T-treated men were matched to untreated hypogonadal men based on their propensity score.[@ref19] The index date was the date of the first T prescription for treated men and a randomly assigned date for untreated men. In adjusted analyses, there was no association of T treatment, T formulation, or age with idiopathic thrombosis. These results were unchanged in a sensitivity analysis in which the outcome was all thrombotic events.

For the nested case--control design, cases (men with thrombotic events) were selected from the original cohort and were matched with up to four controls based on age and index date. Testosterone treatment was modeled by T formulation and by current or past T treatment (thrombosis occurred more than 90 days after the end of the T prescription). T formulation and treatment (current or past) were not associated with the primary outcome of idiopathic thrombosis. In contrast, in sensitivity analyses with an outcome of all thrombotic events, IM T and past T treatment were associated with thrombosis, while current T treatment was not associated with thrombosis. The authors felt it was unlikely that past T treatment was actually associated with thrombosis and that these were likely spurious results related to residual confounding.

Several weaknesses and methodologic issues limit this paper. First, the data came from an insurance claims database and there was no information on serum T or prostate-specific antigen (PSA) concentrations, which limits the ability to assess whether men were appropriately treated with T. Another weakness was a low concordance rate of only 70% for the primary outcome of idiopathic thrombosis. Other weaknesses were an incomplete description of the adjusted analyses in the cohort study and in the case--control study that controls were matched to cases only on age and index date and were not matched on other potentially relevant covariates. In addition, in the case--control study, the investigators did not adjust for multiple comparisons (28 comparisons), which may have led to false-positive results. A potential strength of the study was the use of two different study designs. However, the case--control analysis was flawed due to limited matching of the controls to the cases and due to a lack of adjustment for multiple comparisons. In summary, this study found no association between T treatment and thrombosis with the primary outcome of idiopathic thrombosis in analyses using two different study designs. In contrast, in sensitivity analyses, IM T and past T treatment were associated with thrombosis; however, the above methodologic weaknesses limit the validity of the results of this sensitivity analysis.

SUMMARY {#sec1-4}
=======

In 14 retrospective prescription database studies, most studies found that T treatment was not associated with increased risks for thrombosis, MI, stroke, composite CV events, or mortality.

 {#sec2-1}

### Summary of results by specific outcomes {#sec3-1}

[***MI***]{.ul}

In several large studies of MI that included 153 269 T-treated men, most studies found no increased risk for MI with T treatment. The largest of these was a well-designed study that included approximately 65 000 T-treated men and reported a 24% decreased risk for MI with T treatment.[@ref27] Another study found no overall risk for MI, but detected a 41% increased risk for MI with T initiation.[@ref30] A final study reported a 36% increased MI rate post-T treatment compared to pre-T treatment.[@ref12] However, those results could be biased if clinicians are less likely to prescribe T treatment following an MI.

[***Stroke***]{.ul}

In three studies of stroke that included 88 852 T-treated men, T treatment was not associated with an increased risk for stroke. The largest of these was a well-designed study that included approximately 65 000 T-treated men and reported a 36% decreased risk for stroke with T treatment.[@ref27] Another study also reported that T was associated with decreased stroke risk, but that study had serious methodological flaws, which limits the validity of its findings.[@ref29] Finally, in a smaller study, with a low number of strokes, there was no association of T treatment with stroke risk.[@ref32]

[***Mortality***]{.ul}

In four studies, including 69 282 men, T treatment was associated with a decreased risk for all-cause mortality ranging from 22% to 66%.[@ref19][@ref27][@ref31][@ref32] No study found an overall increased mortality risk, but one study found a transient 11% increased mortality risk with T initiation.[@ref31]

[***Composite CV outcomes***]{.ul}

Three studies, including 15 613 T-treated men, reported conflicting results on the association of T treatment with composite CV outcomes. One study reported that T was associated with a decreased risk for composite CV events.[@ref32] In that study, much of the decreased risk for composite CV events was due to a decreased risk for mortality. Another study reported a 10% increased risk for composite CV events, which varied by T timing, with greater risk associated with T initiation and shorter treatment.[@ref31] Finally, a third study reported an increased risk for composite CVD of 29% in a cohort of men with high medical morbidity and CAD.[@ref13] However, that study was heavily criticized due to methodologic flaws.[@ref22]

[***Thrombosis***]{.ul}

In four studies of thrombosis, which included over 62 000 T-treated men, T was not associated with an overall risk for thrombosis.[@ref33][@ref36][@ref37][@ref38] Surprisingly, two studies also found that men with baseline risk factors for thrombosis had no increased risk for thrombosis with T treatment.[@ref33][@ref37] However, T initiation was associated with a 63% increased risk for thrombosis in one study.[@ref37]

### Limitations and strengths of the studies {#sec3-2}

There are several weaknesses to the prescription database studies. Many of the studies did not exclude men with a prior history of MI, stroke, or thrombosis and this could have influenced results, as men with a history of prevalent CVD are at an increased risk for recurrent CV events. Other limitations were that there was generally limited information on T dosage and duration, which is necessary to assess whether there is an increasing risk associated with cumulative dose of T. Another major weakness was that many studies had no information on baseline T concentrations and likely consisted of a heterogeneous group of men with both low and normal T concentrations. Such heterogeneous groups could lead to differences in outcomes, as low T concentrations are associated with CV outcomes and mortality.[@ref6][@ref7][@ref8][@ref39][@ref40] Another limitation is that the outcomes in prescription database studies are based on medical records and coding that are not adjudicated and may be incorrect. Finally, all observational studies have the limitation that patients were not randomized to treatment, which leads to confounding. Even though attempts were made to minimize confounding through matching and adjustments, there may still be residual confounding due to unmeasured covariates.

The strengths of the prescription database studies were that they were able to examine a large number of T-treated men for several years for risk of CV events and mortality and whether there were differential risks related to age, T formulation, or T treatment timing. In general, most studies found no association of T risks with age or T formulations, although one large study found that IM T had increased risks compared to T gel. In contrast, all studies that examined risks with T initiation detected an increased risk for MI, thrombosis, composite CV events, and mortality with initiation.[@ref30][@ref31][@ref37] Clinicians should be aware that there may be increased risks for CV events with T initiation, particularly within the first 3--6 months of T treatment.

CONCLUSIONS {#sec1-5}
===========

In large database studies that included over 215 000 T-treated men, most studies did not find that T treatment was associated with increased risks for mortality or for MI, stroke, or thrombosis. However, given the limitations of observational data, the cardiovascular risks of T treatment will remain unclear until a large, prospective, randomized, double-blind, placebo-controlled trial is conducted that is specifically designed to examine the risk for CV events with T treatment. Until then, clinicians should follow established clinical guidelines[@ref41] for T replacement and review potential risks of treatment with patients, recognizing that risks might be greatest in the first several months after initiation of testosterone therapy.
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